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Abstract. -When Forest Inverltory and Analysis (FIA) 

changed to the national standards for the inventory sys- 

tem, plots with lnultiplc condition codes wcrc intro- 

duced to the Southern Station's FIA unit. FIA maps up 

to five different conditions on co~npletely or partially 

forested 1124-acre subplots. This change has madc pro- 

ducing inventory estimates more complex because the 

data are analyzed by condition classes (partial plot) 

rather than on a whole plot. Methods for analyzing by 

condition classes are less intuitively obvious than meth- 

ods based on a single condition for an entire plot. We 

compared the current standard of fully rnapped plots to 

two methods that reduce the number of mapped condi- 

tions per plot using the following sets of rules. Rule 1 

assigns the predoniinant condition to the entire plot, 

including plots that are partially forested. Rule 2 maps a 

single nonforest condition and a single forest condition, 

with the single forest condition predominant. The effects 

of these changes were shown by calc~tlating forest area 

by forest type group and ownership and volun~e by 

species and diameter class. The effect of using just one 

condition per plot (rule 1)  increased the estimated total 

forested area by 0.4 percent. Using rule 1 decreased the 

calculated total volume for the state by 3.9 percent. 

Using only one forested condition per plot (rule 2) did 

not change the total area estimate or the voluine esti- 

mates. Both methods decreased the estimated variailcc 

for the total volumc by 12 to 16 percent. The percent 

changes in the estimated values were greatest in the least 

occurring table entries, e.g., the rarest colnbinations of 

forest type and ownership group or colnbinations of 

species and diameter class. 

When Forest Inventory and Analysis (FIA) changed to the 

national standards for the inventory system. plots with rnultiple 

condition codes were introduced to the Southern Station's FIA 

unit (Reams and Van Deusen 1999), These rnultiple conditions 

per plot require determining the boundary between the condi- 

trons in the field. In natural stands, forect type boundaries are 

frequently a continuutn. as opposed to abruptly changing from 

one forest type to another. Therefore, deterillining the boundary 

between two forest conditions can be difficult and nonrepeatable. 

This report addresses two possible changes to the current proce- 

dures. One would be to ignore all the boundaries and just use the 

largest condition on the plot (rule 1). The other possible change 

w o ~ ~ l d  be to ignore bo~indaries between forested conditions. and 

use one (the largest) forested condition per plot and one non- 

forested condition. Our study sought to detertisine the effects of 

these possible changes on State estimates of area and volume. 

Methods 

To sirnulate the reinoval of all boundaries, the cotidition vari- 

ables, such as forest type and stand age, of the largest condition 

were assigned to the entire plot. To sinlulate the possible 

removal of boundaries between forested conditions, the condi- 

tion variables of the largest forest werc attributed to all the 

forested area on the plot. For those plots where the two largest 

forests were tlic same size, one of the two was chosen at ran- 

don1 to be attributed to the larger area. whole plot, or total 

forested area on thc plot. Thc data came fronl South Carolilia's 

first panel. 

Each plot (sample unit) consists of four 1/24-acre subplots. 

The condition boundaries actually occur on the subplots. 

However, there werc not sufficient data to ailalyze the two 

altcr~lative metl~ods at tlic s ~ ~ b p l o t  level in the database for 

South Carolina's first panel. 

The table values werc calculated in the standard manner 

(FIA Stat Band, in review), except for using double sampling 

for forested area estimates. First, the phase 1 photo interpreta- 

tion data were used to estiniate the amount of forested land per 

county. The phase 1 photo interpretation plots are ground 

truthed on phase 2 plots and a set of ground truth interisifica- 

tion plots. Because condition data are only gathered on the 
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phase 2 plots, the two possible rule changes oouId not be 

applied to the photo interpretation intensification plots. 

The phase 2 plot data were used to post-stratify the forcst- 

ed area by forest management type. The table values were then 

calculated using post-stratified sampling estimation techniques 

(Cochran 1977). To be able to detect any differences between where AQr, is the area in ownership group by forest type combi- 

the effect on estimating area and the effect on estimating vol- nation on phase 2 plot i, At is the amount of forested area on 

ume, one area table and one volume table were calculated for plot i, and ?Zf is the number of phase 2 plots with at least one 

each method of handling boundaries. The two tables are "R~able forested condition. 

2-Area of forest land by forest-type group and ownership Because yj, is a product of two random variables, the 
n n 

class' and 'Table 19-Volume of live trees on timberland by variance of q,, (Var( Yol )) contains the product of the vari- 

species and diameter class' (Tl-ton-tpson 1998). ances of the two random variables and the cross products of 

Specifically, the values for the area table were calculated those variances and the squared means of the random variables 

using equation 1. using equation 4 (Goodman 1960, NcCollum 2002). 

(4) 

ti = 'niroi * '/ *'oi ( '1 P'ur(tit) = A;,~~, * { [ ~ f ' * ~ c ~ r ( k o ,  ) ] + [ ~ u r ( @ ,  )*k , , , ' ] - [var(P,  ) * YUF(R, , , )])  

n 

where 5, is the estimate of the area for each owner group (o) where f ,  , qt>,o, , pi , and k,, have the same definitions 

and forest type ( t )  combination for a given county, A,,,,, is the as equation 1. The variances of kt and ko, are shown in 
f 

total land area in the county obtained fron~ the U.S. Census equations 5 and 6. 
J 

n 

Bureau. P' ,. is the ratio of forested land to total land area in 

the county as estimated from the phase 1 data, and R,, is the A * b  @ f ) 2 * ~ F * ( l - ~ , )  ( b n ) 2 * ~ , , * ( ~ - ~ n )  
, . a r ( ~ , ) = p , ^ * ( ~ ,  -$)'+[ I + [  

estimated proportion of forest land by ownership group and M I  f% 

I 
' I  

forest type in the county. where pi , $,. , , C j  , and C, have the same defini- 
A 

PI/, is estimated using double sampling techniques using tions as in equation 2, n is the total number of photo interpreta- 

equation 2 (Reams 2000). tion points, m ,  is the number of photo interpretation plots that 

were ground truthed as forested, and rn2 is the number of photo 

p, = (pf X C ~ )  + ( ~ x c , , )  , (2) intcrpretatiol-t plots that were ground truthed as i-tonforested. 

(6) 
where P f  is the propostion of phase 1 plots photo interpreted 

to be forested, CI  is the proportion of ground truthed plots 

whose initial photo interpretation calls were forested and wcre 
n 

ground trutl~ed as forested, e, is the proportion of phase 1 

plots photo interpreted to be nonforested, and C ,  is the pro- 

portion of ground truthed plots whose initial photo interpretation 

calls were nonforested that were ground truthed as forested. 
A 

R,, is the proportion of forested area in a given ownership 

group (0 )  and forest type ( t )  combination as estimated by a 

ratio of means estimator using equation 3 (Cochran 1977, 

Zarnoch and Bechtold 2000). 

1 
VUY(R~ ,  ) = I$  * [ ~ L f , , , 2 + k , , , ' ~ ~ 2 - 2 * k ~ , , ~ ( ~ , * ~  (,{, )j 

n i  * i n f  -l)*[D, l a , ] '  '-' 1-1 1-1 

I 

where Rot , A cjt ,  , Al , and n ,  have the same definitions as in 

equation 3. 

The values for the volume table for con-tbir-tations of species 

group (s) by diameter class (LO are calculated using equation 7 

h h 

where A,,,,! and P' , are as defined in equation 1, R, is the 

proportion of forested area in a particular forcst type, and Gfid 
is the volulne per acre for combinations of species groups and 
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n 

diameter classes. Both R, and F,d are ratios of means estima- 

tors of the general form found in equation 3 and variances of 

the general form found in equation 6. Rf :is the ratio of the 

total area in forest type t divided by the total forested area 

summed over plots that contain at least one forested condition. 
n 

'V,d is the ratio of the total volume in the species group by 

diameter class for forest type t divided by the total area in for- 

est type t summed over plots that contain at least one condition 

with that forest type. 

The variance of c, is calculated using Goodn~an's formula for 

the variance of the product of random variables, as with the 
A 

variance of y:,, . However, instead of being a product of two 
n 

random variables, Vsci is the product of three random variables. 

Applying Goodman's fornlula in succession gives rise to the 

formula for the variance o f K d  (equation 8). 

(8) 
varccs, 1 = 

for the State by 0.4 percent and decreased the estimated vari- 

ance by 0.4 percent. The table cells with the largest area, pri- 

marily marginal totals for either forest types or owner groups, 

had small percent changes, ranging frorn -6.8 percent to + 2.5 

percent. The smaller con~binations of forest type and ownership 

group had larger percent changes, ranging from -100.0 percent 

to 3-1 8.4 percent. The effects of rule 2 on the percent changes 

followed the same pattern as the effects of rule I .  

Volume 

Using rule 1 decreased the estimate for total volume by 3.9 per- 

cent and decreased the variance by 15.6 percent. As with the 

ef ic ts  on area, the table cells with the greatest amount of vol- 

ume, prin~arily the marginal totals for species or diameter classes, 

show small percent changes, from -6.6 percent to -1.7 percent. 

'The table cells with small amount of volunle showed large per- 

cent changes, ranging from -1 00.0 percent to 3-26.7 percent. 

Using rule 2 caused no changes in the estimated volurnes 

, * * , + *  - * I *  - frorn the current method but did change the variance estimates. 

A 

where y5d is defined in equation 7, A f,lQtI and P', are as 

defined in equation 1, kt is the proportion of forested area in 

a particular forest type. and G, ,  is the volun~e per acre for 

combi~latiolls of species groups and diameter classes. 

If trees in an original forestccl condition occurred on a plot 

that was primarily nonforested, using the one condition per plot 

method removed these trees from the calculations. 

Using rule 2 decreased the variance of the estimate for total 

volume by 12.9 percent. 

Discussion 

Using rule 2 did change the individual cell estinlatcs for area, 

but not for volume. The reason the v o l ~ ~ n l e  esti~nates do not 

change can be founcl in equation 7. A close look at the tcrm 
A 

R, * G,,, reveals the cause. In equation 9, the numerator of the 

first quotient is the area in forest type t summed over all forest- 

ed conclitions, and the denominator of the second quotient is 

the area in forest type t sum~ncd over all forest conditions in 

forest type t. 

photo interpretation points, using rule 2 does not affect the esti- 

mates for the total forested area because rule 2 does not change Since the area in forest type t on plots without any forest type t 

any ground truth caIls from forested to nonforested or from is 0, these two numbers are equal and will cancel out. Since 

nonforested to forested. However, using rule 1 does change this is the only condition variable in this equation, the esti- 

some of the ground truth calls for phase 1 photo intcrj?retation mates of volume will not depend on how the forest types are 

points. Using rule 1 increased the estimated total forested area determined. 
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The 12.9-percent decrease in the variance of the estimatecl 

total volume for rule 2 is the result of merging forested condi- 

tions. When conditions are merged, the resulting volun~e per 

acre will be a weighted average of the volunie per acre of the 

conditions that are n~erged. This weighted average will remove 

some of the variation in the volume per acre values. 

Using rule 1 did affect the estimates of both State totals: 

an increase in total forest area of less than 0.2 percent and a 

decrease in total volunie of 3.9 percent. When rule 1 is used, 

some forested and nonforested conditions will be relabeled. 

The ir~crease in the estimated total forested area suggests that 

more nonforested area was relabeled as forested than forested 

area was relabeled as nonforested. When f.orest is relabeled as 

nonforest, the trees get removed from the total volume esti- 

mate. When nonforest is relabeled as forest, they will con- 

tribute to the area estimates, but they don't have any trees to 

add to the volurne estimates, causing a decrcasc in the volunle 

per acre values for that plot. This decreases the estimated total 

volume. Changes in the estimates for the individual cells 011 the 

reporting tables were much larger, ranging from -- 100 pcrcent 

to +30 percent. 

Arner (1998) ran a similar study with data from Maine on 

a different fixed-plot design. His design was a single 115-acre 

plot instead of four 1124-acre plots. I-Iis totals also changed 

very little and showed larger percent changes in the snlaller cat- 

egories. His relative changes were smaller due in part to the 

fact that he reported just marginal totals, and in part to the fact 

the hc had more plots. Even tliougli Maine is a smaller state, 

Arner had more plots because he used the data from a 

statewide survey, while our study used only one of the panels 

from South Carolina. Csing the rest of the pancls from S o ~ ~ t l i  

Carolina would probably lead to smaller percent changes. 

In South Carolina, 30 to 35 pcrcent of the piots had niore 

than one condition, but only about 8 percent of the subplots had 

condition boundaries. Of that 8 percent, about two-thirds were 

forest-nonforest boundaries. This suggests that using subplot 

Iurnping of conditions using either rule 1 or rule 2 methods will 

also lead to smaller percent changes. Unfortunately, one piece 

of information required to run this analysis on the subplot level 

is not in the database for South Carolina's first three panels. 

Conctusions 

The effect of rulc I (one condition per plot) on the total arca esti- 

mate is primarily due tit ranclom error. However, rule 1 did bias 

the estimate for total volunie and therefore is unacceptable as an 

altcrnativc to the currcnt methods. Rulc 2 (one forested condition 

per plot) did not change the estimates for either total forested 

arca or total volume and decreased the variancc for the total vol- 

ume. Rulc 2 also did not change the estimates for the volume by 

species and cfiarncter class combinations. Thcrefore, rulc 2 

appears to be an acceptable alternative to the current method. 

Recommendations 

To determine if the current procedures ought to be changed, we 

suggest the following steps: 

1 .  To more accurately determine the size ofthc effects of 

using rule 2, a similar study should bc completed using 

five sequential panels that include the data required to ana- 

lyze the effects on the subplot-condition instead of the 

plot-condition. 

2. The results of that study should be discussed with users to 

determine the effect of the changes in the tables, such as 

the area by owner group-forest conlbination table, on the 

users. 

3. The effect of using rule 2 on growth prqjections should be 

studied, because some of the condition differences are 

i~nportant to growth projections. For instance, if a 5-inch- 

diameter loblolly pine stand is growing next to a 9-inch- 

cliaineter loblolly pinc stand, you would assume that the 

trecs would grow differently in these separate stands than 

if they were in a single, two-aged stand. 

These three steps should allow FIA to make an infornied 

decision about changing to just one forested condition per subplot. 
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